Mung bean is nutritious and rich in protein (19.5%-33.1%). However, there are few studies on mung bean protein active peptides so the mung bean protein hydrolysates (MBPHs) were investigated for evaluating their ability to clear intracellular reactive oxygen species (ROS) and regulating the ability of antioxidant enzymes on NCTC-1469 cells. Results showed that MBPHs, MBPHs-I (molecular weight < 3 kDa), MBPHs-II (molecular weight between 3 and 10 kDa), and MBPHs-III (molecular weight > 10 kDa) could all improve the survival rate of cells compared with the model group. MBPHs, MBPHs-I, and MBPHs-II could significantly decrease the content of lactate dehydrogenase (LDH) and reduce the generation of malonaldehyde (MDA) at a concentration of 0.4 mg/mL. Regarding the intracellular ROS, the result showed that MBPHs-I significantly reduced the production of ROS (from 58.3% to 26.6%) and had a dose-dependent relationship. In addition, the amino acid analysis showed that MBPHs-I had a balanced amino acid composition. MBPHs-I is rich in lysine but was deficient in cereals. Therefore, the hydrophobic and aromatic amino acids in MBPHs-I were high, which could improve its antioxidant activity. According to the results, MBPHs-I was the best and most potent natural antioxidant and it can contribute to drug development and medical application.
Introduction
Reactive oxygen species (ROS), including hydroxyl radicals (OH), peroxyl radicals (ROO), superoxide radicals (O 2 ), hydrogen peroxide (H 2 O 2 ), and singlet oxygen [1] , play a crucial role in human health and are also an indispensable part of the cell of living organism composition [2] . When ROS are at a low level, ROS can effectively play several beneficial roles in the human body, for example serving as an intracellular signaling factor. However, tissues, organs, and some of the biological macromolecules will also be damaged by oxidative stress when ROS excesses the receptivity of the human body [3] . Some serious diseases, such as diabetes [4] , neurodegenerative disease [5] , cancers [6] , and other cardiovascular diseases [7] were related to excessive oxidative stress reaction on the human body induced by ROS.
Cells basically contain a series of complex intracellular antioxidant defense systems, which are mainly composed of two parts, enzymatic and a non-enzymatic antioxidant system. The endogenous antioxidant enzymes primarily include superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), catalase (CAT), and the non-enzymatic antioxidant system contains glutathione (GSH), carotenes, ascorbic acid, and so on [8] . In normal cases, cells can prevent and relieve oxidative stress by the two anti-oxidation systems [9] . For example, SOD could remove free radicals and reduce oxidative of SOD, MDA, and LDH in cells were determined by the kits. The content of GSH was evaluated as described [32] .
Determination of Intracellular ROS
The secretion of ROS by NCTC-1469 cells was tested using 2, 7-dichlorofluorescein diacetate (DCFH-DA) fluorescence assay [31, 33] . NCTC-1469 cells (1 × 10 5 cell/well, 200 µL/well) were seeded in 96-well plate and incubated with MBPHs-I (0.1, 0.2, 0.4mg/mL) for 24 h and then transferred to a EP tube (microcentrifuge tube for separation of trace reagents) of 1.5 mL, which was centrifuged using at 1500× g for 5 min. The supernatant was removed and the cells were washed using PBS for twice, then 100 µL of PBS was added aimed to resuspend cells. Aliquot of 10 µM DCFH-DA fluorescent probe solution was added in three groups and the resulting mixture was incubated for 0.5 h at 37 • C. After washing twice with PBS to remove the extracellular DCFH-DA, the cells were resuspended into a single cell suspension. Finally, the intracellular ROS level was determined with a BD FASCalibur flow cytometer (Franklin Lakes, NJ, USA).
Amino Acid Analysis
Amino acid compositions of two components after ultrafiltration were analyzed using a modified method described [34] . Briefly, the total amino acid compositions of the samples were determined with an Automatic Amino Acid Analyzer (L-8900, Hitachi, Tokyo, Japan) after hydrolysis with 6 M HCl at 110 • C for 22 h.
Statistical Analysis
Data were all performed in triplicates and presented as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) followed by multiple comparisons with least significant difference (LSD) tests were performed. The significant difference was analyzed among samples by SPSS (Version 19.0, IBM Company, USA) at p < 0.05.
Results and Discussion

Cell Model Induced by H 2 O 2
H 2 O 2 is generated in the mitochondrial respiratory chain and produced by the disproportionation effect of O 2- [35] [36] [37] . The hydroxyl radical could be quickly offered by H 2 O 2 in Fenton chemical changes. The hydroxyl radical is one of the most common free radicals, which will induce lipid oxidation, bio-macromolecule damage, lead to mitochondrial dysfunction and calcium imbalance, and cause cell apoptosis. Therefore, it is the key to select the appropriate concentration and acting time of H 2 O 2 . The activity of the NCTC-1469 cells is evaluated using CCK-8 analysis, and the results showed the number of living cells gradually decreased when the concentration and time of H 2 O 2 increased in Figure 1 . When the H 2 O 2 concentration was from 500 to 1000 µM, cultivated with all times, the percent of living cells significantly decreased (** p < 0.01). It is worth noting that when the concentration was 500 µM and the action time was 4 h, 25.0% of the cell viability was inhibited, which was expressed as a decrease in cell activity with a significant difference (** p < 0.01). Therefore, 500 µM was regarded as the optimal concentration of our model group and 4 h as the optimal induction time.
Cytotoxicity of Mbphs and the Ultrafiltration Fractions
MBPHs, MBPHs-I, MBPHs-II, and MBPHs-III were used to treat injured NCTC-1469 cells for evaluating their cell toxicities, respectively. The result was displayed in Figure 2 . Compared with the normal group, MBPHs, MBPHS-I, MBPHs-II, and MBPHs-III promoted the cell viability at the concentrations (from 0.1 to 2.0 mg/mL). At the concentration of 0.4 mg/mL, the cell survival rate was 120%. The effect of MBPHs-I was better than other groups and there was a significant difference compared with the normal group. It showed an inhibitory effect when the concentration continued Foods 2020, 9, 14 5 of 13 to increase. Therefore, the concentrations of mung bean protein hydrolysates (0.1-2.0 mg/mL) were determined to be used in the further antioxidant test. 
Protective Effects of MBPHs and Ultrafiltration Fractions
The protective effect on the viability of H 2 O 2 -induced NCTC-1469 cells was determined using the CCK-8 solution. As shown in Figure 3 , the viability of the cells decreased significantly after culturing with H 2 O 2 for 4 h compared with the control group (p < 0.01). After adding MBPHs, MBPHs-I, MBPHs-II, and MBPHs-III, the viability of the cells increased to varying degrees. When the dose was 0.4 mg/mL, the cell survival rates of the four components were 78%, 86%, 83%, 74%, respectively. The protective effect of MBPHs-I in the cells induced by H 2 O 2 was higher than that of other components, and the intensity was MBPHs-I > MBPHs-II > MBPHs > MBPHs-III. In addition, there was a dose-dependent relationship between cell viability and the concentrations of every protein hydrolysate. Therefore, we further studied the anti-oxidation effects of MBPHs-I and MBPHs-II.
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Changes of MDA, GSH, SOD, and LDH on Injured NCTC-1469 Cells
Oxidative cellular stress is induced by ROS which usually can result in lipid peroxidation, even cell death [38, 39] , which is generally related to the cleavage of polyunsaturated fatty acids [40] .
MDA is one of the most important products of membrane lipid peroxide and its production can also aggravate the damage of the cell membrane. The content of MDA can indirectly reflect the damage degree of the membrane system [41] . So, the content of MDA was determined and presented in Figure 4A . We could see that the MDA levels of the model group extremely significantly increased compared with the normal group (p < 0.01) which means the cell membrane has been severely damaged because of membrane lipid peroxide occurring. Among samples, MBPHs-I exhibited the best inhibitory effect, particularly when the concentration was 0.2 mg/mL. However, the MDA contents of sample groups had no significant difference at 0.2 and 0.4 mg/mL. When the organs are damaged, LDH is released into the blood, so LDH release can reflect the integrity of the cell membrane [42] . The ability of MBPHs to protect the cell membrane can be 
MDA is one of the most important products of membrane lipid peroxide and its production can also aggravate the damage of the cell membrane. The content of MDA can indirectly reflect the damage degree of the membrane system [41] . So, the content of MDA was determined and presented in Figure 4A . We could see that the MDA levels of the model group extremely significantly increased compared with the normal group (p < 0.01) which means the cell membrane has been severely damaged because of membrane lipid peroxide occurring. Among samples, MBPHs-I exhibited the best inhibitory effect, particularly when the concentration was 0.2 mg/mL. However, the MDA contents of sample groups had no significant difference at 0.2 and 0.4 mg/mL. When the organs are damaged, LDH is released into the blood, so LDH release can reflect the integrity of the cell membrane [42] . The ability of MBPHs to protect the cell membrane can be evaluated via determining the level of LDH. As shown Foods 2020, 9, 14 7 of 13 in Figure 4B , the LDH levels of the model group displayed significantly augment compared with the normal group (p < 0.01), which indicated that H 2 O 2 caused damage to NCTC-1469 cells. When the cells were cultured with MBPHs, MBPHs-I, and MBPHs-II, the generation of LDH got significant inhibition compared with the model group (p < 0.01). Among samples, MBPHs-I exhibited the best inhibitory effect. Particularly when the concentration increased 0.4 mg/mL, the production of LDH was statistically downregulated close to the normal group ( Figure 4B ). The number of LDH was decreased to 40.21% when the sample was 0.4 mg/mL. The result indicated that MBPHs, MBPHs-I, and MBPHs-II all had potential effects to attenuate ROS-mediated membrane damage to achieve a better protective effect on NCTC-1469 cells injured model, and MBPHs exhibited the best effect of reducing MDA levels. In addition, another key action of cytoprotective candidates is an enhancement of the intrinsic antioxidant defense system. SOD is an important member of the antioxidant enzyme system in the biological system. [43] . The superoxide anion combined with ·OH will cause DNA damage and destroy the function of the human body. However, SOD can effectively eliminate O 2 , which protect the body from the influence of superoxide anion. [44] . As shown in Figure 4C , the level of SOD significantly decreased (p < 0.01) after the incubation with H 2 O 2 (500 µM) for 4 h. The SOD content of every concentration of MBPHs, MBPHs-I, and MBPHs-II was significantly improved compared with the model group (p < 0.01). The sample groups all had a dose-dependent concentration relationship. GSH can bind to free radicals to alleviate the oxidative damage of free radicals. Moreover, GSH (especially in live-cells) can participate in biotransformation, thus converting harmful toxins into harmless substances in the body and excreting them out of the body. [45] [46] [47] . As shown Figure 4D , after the incubation with H 2 O 2 (500 µM) for 4 h, GSH significantly declined (from 31.23 ± 0.89 µmol/mg to 22.32 ± 1.32 µmol/mg) compared with the normal group (p < 0.05), which suggested that the NCTC-1469 cells were injured seriously. However, the treatment of samples significantly improved the levels of GSH and had a significant enhancement compared with the model group. In particular, the contents of GSH were the highest at the concentration of 0.4 mg/mL. The results suggested that mung bean protein hydrolysates could enhance antioxidant enzyme activity to mitigate the damage caused by oxidative stress.
Effect of MBPHs-I on the Level of ROS on Cells
Similar results have been shown in previous studies, such as SPH-I (Mw < 3 kDa) from the alcalase-hydrolyzed soybean hydrolysate (SPH) which decreased the death rate of injured Caco-2 cells induced by oxidative stress, increased CAT activity, and decreased MDA content [48] . Feng et al. [49] reported that two peptides (TY and SGGY) from defatted walnut meal protein hydrolysates (DEMPH) had the protective effect against oxidative damage to SH-SY5Y cells, therefore SGGY could significantly increase cell viability, and improve GSH content at a concentration of 1.0 mg/mL (p < 0.01). Therefore, all the results suggested that mung bean protein hydrolysates exerted a protective effect on the injured NCTC-1469 cells through the inhibition of lipid peroxides and increasing antioxidant enzyme activity.
CFH-DA is a nonpolar dye and does not have fluorescence that can freely cross the cell membrane, but the DCFH-DA probe can be cleaved to DCFH by cellular esterases after diffusing into cells and being oxidized to DCF by peroxyl radicals produced by ABAP. DCF is based on fluorescence intensity and can be analyzed qualitatively or quantitatively. Therefore, the level of intracellular ROS can be reflected by the fluorescence intensity of DCF. The result was shown in Figure 5 . Flow cytometry showed that the positive control of the model group was 58.3% and there was a much higher difference than the control group (38.6%). However, pre-treatment with MBPHs-I effectively prevented ROS generation. With the increase of concentrations, the effects of inhibition were also constantly strengthened. When the concentration of MBPHs-I was 0.1, 0.2, 0.4 mg/mL, the positive cell rates were 52.2%, 37.3%, and 26.6%. This indicted that MBPHs-I could effectively protect NCTC-1469 cells from the damage of free radicals.
Analysis of Amino Acid Composition of MBPHs and MBPHs-I
Mung bean is very suitable as a source of human protein and mung bean protein hydrolysate has a balanced amino acid composition. The bioactive activities of MBPHs fraction might be related to their amino acid composition. MBPHs-I had the best protective effect on cells. Therefore, the amino acid composition of MBPHs and MBPH-I needs to be determined and analyzed. In Table 1 , although there are some differences in the amino acid composition between the two samples, both were rich in aspartic acid (Asp), cysteine (Cys), glutamic acid (Glu), glutamine, leucine (Leu), arginine (Arg), and lysine (Lys). There were also many hydrophobic amino acids in MBPHs and MBPHs-I, such as glycine (Gly), tyrosine (Tyr), valine (Val), methionine (Met), phenylalanine (Phe), isoleucine (Ile), leucine (Leu), and proline (Pro). The proportion of hydrophobic amino acids in MBPHs-I (38.32%) was higher than that in MBPHs (32.9%). Many studies have shown that there several hydrophobic amino acids, such as Tyr, Phe, Leu, Trp, and Pro were generally accepted as antioxidants that contribute to the scavenging of free radicals [50, 51] . It has been proven that hydrophobic amino acids played an indispensable role in antioxidant activity and can improve antioxidant activity [52, 53] . It is also worth noting that the content of aromatic amino acids in MBPHs-I, such as phenylalanine, tryptophan, and tyrosine, accounted for 10.57%. Amino acids with aromatic residues can donate protons to electron-deficient radicals, which may lead to higher biological activity. From another point of view, MBPHs-I had a small molecular weight that should have a lot of small molecules of polypeptides and N-terminal and C-terminal amino acid residues, which were also thought to be quite vital for antioxidant properties. In fact, it has been reported that low-molecular weight peptides could display better radical-scavenging activities than high-molecular-weight counterparts [54] .
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Conclusions
In the study, MBPHs were obtained by the enzymatic hydrolysis of mung bean protein and three components, MBPHs-I, MBPHs-II, and MBPHs-III, were isolated and purified by ultrafiltration membranes. Results confirmed that MBPHs, MBPHs-I, MBPHs-II, and MBPHs-III all improved cell vitality. MBPHs-I and MBPHs-II might reduce oxidative stress on NCTC-1469 cells by increasing the SOD and GSH levels and inhibiting lipid peroxidation. MBPHs-I could effectively eliminate ROS on injured NCTC-1469 cells, which might be related to high contents of hydrophobic amino acids and aromatic amino acids. All data provides that the MBPHs have an excellent protective effect against the oxidative stress by H 2 O 2 .
